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Glycoblotting analysis of N-glycans related to diabetic retinopathy
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Since the prevalence of diabetic retinopathy, severe ocular complication of
diabetes, is closely related to the duration of diabetes, with the growing diabetes epidemic the world
would experience an explosion in the number of patients with DR. However, deSﬁite extensive basic
research and clinical studies, biochemical mechanisms responsible for the pathogenesis of DR remains
elusive. Lines of evidence have indicated that structural alterations of N-glycans are related to the
pathogenesis of diseases, and thus the profile changes of N-glycans in ocular diseases such as DR are of
great interest.

In the present study, we demonstrated that i) the vitreous N-glycan concentration was significantly
higher in patients with DR than those without diabetes, ii) sialylated N-glycans were increased in the
vitreous fluid of patients with DR, and iii) high glucose stimulation augmented the sialyltransferases
ST3GAL1 and ST3GAL4, but not ST6GALL.



# XL C—19, F—-19, z—19 (@)

1. WML DOE &

B R I A E (3R N B 1) 2 FE R
BRPARRTH O . AREOH ) TR UEITIR
BB OBER CThDH, TOH, JEEEE
SRR, £ L CHULE i ERER o
BEFIREIEO MBI 2 T, RIEDO TR
ANIZDTe DD R TRE O PRBITEE T
»H5,

T, Bk, BAEICH S B =08REm
fE LT, BESFRATER SR TS, b
K7 AEHBENIZ L - TEE TR RE S
RS, BAE O L FEHEM A~ %
THZEBRHGMNERY | FEHEEMITIELE
DOREFRENC 2R AR 2 Fr > TRIERIZ S )
OFTCHEERBRLE L TLALBHIND
Lol otz, BAEICHEET 28 ITEY
VNAVF = DRI F 2T D 0 TURES
ETANRGEUEREOERER AN T5 N
RUBESH D 2 FEEEN & 5 23, FrlC N ADHESH T 2E
MEIEGCREM R R POKFEEHEEIZ
BNWTEOT T 7 A )VOEHRE S HL.
FOFRE~DOEENEB SN TS, Fi,
erythropoietin <° intercellular adhesion
molecule (ICAM)-1 7 & D4y 113 b8 E
ZEARIZ L > TEOmENLET 2 @b S
TS, A D Oy 13HE IRIFHEIEE O T
RBICEG T2 BT TICHLNEENT
BO, AEBICBWTH Z0 X 9 7R RERE
I FATHEBH AL 28 A T B v i K28 Bl
BVETH D,

L7226, IR S 2 WIZIRNIR 7e
EOEEREHNT IS T B HEEMAT ITILRE KM
RN H T, TORBER ST, 1) FEHEIT
DNA R°EHE L 72V | polymerase chain
reaction (PCR)¥:7: E CHEIEZRB 27295 2 &
MTERNTZD | JERZE OREEMATICIT 1M
EH-0 3~4 HEEMOMHTRFRIZZE L T
WeZ 8L 2) TR EORIKREN D I
B ClIE SR CE RILIC KL ER &L
R TE/anz b, 2 ETHY, ROHIEZE
DIFEHEI MO HE D BFTOEAL TV R UVE
mThot,

ZORIZE LT, B HEE Th D VER
—B3 (AbiE RS) HABE%E Lz [E&RbE
SHMENT 2 96 MRFIRFICHEfT T =, 2 oI iE
P TN R E 8 R TR T3 5 i IRY
Rk, oA aTuey T 4 7B BIGE
T & THFEY 7 VN O RESE RT3
ARETHDI 22D NV—TFTHEL
7= [Inafuku S, Ishida S, Graefes Arch Clin
Exp Ophthalmol. 2014],

2. WMHEOHM

AWFZEDO BT, LRI T 2T n v T 4
> BB O TR R R FUE (PDR) 2 3%
DI ERPIZB T OHEH T2 7 7 4 V&2
MNToHZEThD,

3. WDk
(1) BERRIFMIEE B o MfER L O 1K

BT D AR O T E AT

REGE, ALHEE KRB CRY 1R Tl 4 f
A7 U7z PDR Bf 17 51 (5% 9 5], 2zt 8 31l -
YIS 63. 9 4. 47%) 3 £ U non-DM G BE |- ik
BLOEBREML) B 17 51 CEME 7 61, &t 10
B, SEE RS 60. 126.7 5%) ., MERRRAIZA
BeHf L —J 2 TET 72 O MEMRAE OB, § 1
EIKIZEDR O FEH IR EN S -2, %
GERF I IIABRERREUC L DB DR
A ITAE LR,

FeH L= i (10ul) 1230 D FEE % 7
FAaTa T 4 TEICL R
BfptT 2B 2705, ZOHFEZ, 7 4%
VERE RTVUREREDOT LT E REIZ
WO REMINT 2 B A BEE TF
HIZFF O E— X%, BERUEIZL > TTOR
TTOEAE DU LA & il EHA
e R SO L 2 HRICHAKS &
WD, ZAIUT LD FHEY & SE ISR LA 8
DI Z R4 24 [Nishimura S et al. Angew.
Chem. Int. Ed. 2004], % L CH&ELNTHEE
HEE—ANLYIDEEL 2%, EEONTICHES
5 ET, BN BEEMT A 22 9,

AR s KON oo NAUKESE %2 7T A
avuay T4 v TEEBECETERLRE,

(12) PRI M HEE BB o i B 38 1L OVl 114
W23 1T D i SH A I D e e Y AT

AT, HEFR IR IEE B3 O At L O 1
RIZE E D NEUESE DR 2 /8 /00 i Ar
L7,

(13) FEF&MENE I & PN R AR % FH O 7 B TR 955
MBEIRRIC BT D U TV BIEBEEE L
DIFEHT

B PR 95 WA B o0 A 35 L OV 1T
G END NAGESE OIS & FRENIZfEHT LT
FES non-DM FEIC bREg: L C PDR #E Tl 7 v
P INBE S 23 i IR TR CIRPTRYICHE N %
ZEDBHLMER TS, FOA = AN
% in vitro R CHFTHZ L E LA, B R
RN TITBESHIC S 7V A AT N % B35
LT w2 3- 7 )LEREL 4 B 3% (ST3GALL,
ST3GAL4) 8 L W« 2,6- 7 /LR L B e 3%
(ST6GALD) 72 ERH BTV AT, Tiub
WIZOWTHE Lz, BAEMICIE, & MEkm
BN AR (HRMEC) &K 7' L =2 — & (5. OmM)
HOWNEE L a— A (25mM) St T CREEE
L. ST3GALL, ST3GAL4 33 J TX ST6GALL ¢> mRNA
HEBLOBRHEDOELEZ, ENEH gPCR
1k & ELISA % W TR LTz,

4. WFIEARLR
(1) BERYSMIE B o Ml L O 714K
1231 B bl & O E ERIMET




I TR S 72 B8 1T PDR BE TI 30
FESE non-PDRIECIZ I3FEHETHhH -, F 7~
WP OEAYZY O EIT PDR B
(496+37pmol/100ug) T (X non-DM #%
(142+31pmol/100pg) & ik L CHEIZE )
S (K1, X0.001), —J, IM%FEF CIEm
BEIC TR D R v o T2, £72. PDR HEOM T
KPR TITEA Y0 OFFSEN 10 FEOkE
BHTHINL TV, 2o oI Mg
TIFBEINM L TV o 7o, AREHis R, b
PR 975 MENBE O fid R P SR g & X R 7
HREEBREBEOBAENE L TS Z L 2R

600

500

5 400

300

200
0

non-DM PDR

Vitreous Concentration of N-glycans
(pmol/100pg protein

X1 R VRS
non-DM #f & kb L C PDR #E O K T
I NS 2 BN LT T,

F /-, mEE IS T VR I B 1 R
TENRED 572 (625. 5+25. 9pmol /100 u g vs
580. 3136. 2pmo1/100 g, P =0.32).
ARG R 5, PDR IR Tlid s 7 VR ke
EHBRRPFTIIZEMLTEBY, ZOWHEA 1=
R E~OBE D RIB STz,

(13) HEF&MENE I & PN R AR % FH O 7 B TR 955
MEEREICB T 5 v T VIR FE AL
DIFEAT

i (2) oBFHTH W T, PDRIBETIXY
TIOVERTINBESE N BE NS B Z E N Bk
Rolzizd, TDAH=A L% in vitro E
BARTHH Lz, BRE LT, HEAWHIMEE
(25mM) UL HEEE (BmM) & bz LT, #il
W6, 24, T2 W% 12 ST3GALL & ST3GAL4 O
mRNA Z8EL S HRMEC I B W CHEIZHEM L TW»
7= (3., P<0.05), —J. ST6GAL1 mRNA @
FHEIEL Lo iz,

LTCTWi=,

(2) KEPRIFMIFIE B O A s X O 11K
W25 1 2 B S IE oD A R AT

WA, BEPR I HENE BB o i A 38 1L Ol 1
WIZEEND N T 0 7 7 A VBB L
72o PDR BEDOME IRAIZEIT D ¥ 7 BRI
BESY (328. 425. 8pmo1/100 1 g) I & non—DM Ef
(92.1+21. 2pmol /100 u g) & Ll L THEIC
ML TW= (X2, P<0.0001), —J7. Al
DOFEHEE, A~ ) —AREH TIEEN
o= (12.4+1. 2pmol /100 g vs. 10.9+
2. 0pmol/100 1 g, P =0.54)

400
300

200

) -
0

non-DM PDR

Vitreous Concentration of Sialylated N-glycans
(pmol/100ug protein)

X 2 : BT 7 VBRI NEEESE
non-DM #¥ & bk L C . PDR BE DAY F{&H T
1L T VIR N NEURESH S EE 0 L T T2,

2.5

Fold Change of STSGALT mRNA
o
n

Glucose 5.0 25 50 25 5.0 25 (mM)

6 24 72 (hrs)

Fold Change of STSGAL4 mRNA
-
&)l

0.5

50 25

Glucose 5.0 25 5.0 25 (mM)

6 24 72 (hrs)

X 3 BEAMRNKIC X B o 7 L BRER R SR 5
L&D

(BB BEARTHLIC XD ST3GALL mRNA &
BFE, (FTE) FEAMRIEIC XD ST3GAL4
mRNA F& B,

I b, g 72 FERZ SIS D RHREED
ST3GAL1 (64.4%5.8pg/mg) ¥ LU ST3GAL4
(3.8%0.3pg/mg) DX 37 B LT,
BE A AR O BE T ST3GALL (117.4 =+
14.9pg/mg, P <0.01) . ST3GAL4 (6.1 *+
0.9pg/mg, P <0.05) DFI O ILA EIZHM
LTwWi= (K4),




160

*
120
80
) .
0
5.0 25

10

*
6

4

2 .

0 5.0 25

B 4 BEARRIIC X 5> T VBRI B EE R &

VoRy BOEA
(EBO) BEAfIZ X % ST3GALL & v /X2
o (FEBY) BEAMMIEIC &5 ST3GAL4 ¥

‘//\“7%%

ST3GAL1 Expression (pg/mg total protein)

Gluc

[}
7
®

ST3GAL4 Expression (pg/mg total protein)

Glucose

AMEHE RS, PDR R T 7L
Fea A NAKESH OB IE, ST3GALL B L O°
M%MAW%@LT%%T e R E Tz,

AWFZEIZ K- T, PDR BE OIRN TITHER
R 720 non-DM HBEDIRNIZH T N
RIBESH N BB L TWD Z &, 2L TH
IS T VB INFESE oIz & 5 7' e
T ANBENELTWAEZ &, RENRHEL
MErpol-, &bz, ZOWEH T a7 7 AL
ARG I L CHFEI NV
TR IR NS LTV 5 ATREME R
SN, IO DOREIRERIT. N EPEHOL
b 23 1 787 3T A8 18 HR T b B M IR 93 M BELIE 0D 9
REICBEE T2 L 2MIRIBELTEY, 5%
SIEMEMFEZHITLTETH S,

5. TR ILE
(WFFERFRAE . WFFEr A S ONEEERTFE# (1
=)

Udessamse) (BE 27 14)

. Kinoshita S, Noda K, Saito W, Kanda A,
Ishida S. Vitreous levels of vascular
endothelial growth factor-B in
proliferative diabetic retinopathy

1

Acta Ophthalmol. Epub ahead of print
doi: 10.1111/ao0s. 12969

Inafuku S, Noda K, Amano M, Nishimura
S, Ishida S. Increase of sialylated
N-glycans in eyes with neovascular
glaucoma secondary to proliferative
diabetic retinopathy. Curr Eye Res
2015; 15: 1-4
doi:10.3109/02713683. 2015. 1068816

Inafuku S, Noda K, Amano M, Ohashi T,
Yoshizawa C, Saito W, Kanda A,
Nishimura S, Ishida S. Alteration of
N-glycan profiles in diabetic
retinopathy. Invest Ophthalmol Vis
Sci. 2015; 56: 5316-5322

doi: 10.1167/iovs. 15-16747

Kanda A, Noda K, Saito W, Ishida S

Aflibercept traps galectin-1, an
angiogenic factor associated with
diabetic retinopathy. Sci Rep. 2015;
5: 17946

doi: 10.1038/srepl7946

Inafuku S, Noda K, Amano M, Ohashi,
Yoshizawa C, Saito W, Kanda A,
Nishimura S, Ishida S. A comparison
of N-glycan profiles in human plasma
and vitreous fluid. Graefes Arch Clin
Exp Ophthalmol. 2014; 252: 1235-1243
doi: 10.1007/s00417-014-2671-x

Kanda A, Noda K, Ishida S.
ATP6AP2/ (pro) renin receptor
contributes to glucose metabolismvia

stabilizing the pyruvate
dehydrogenase E1 B subunit. J Biol
Chem. 2015 ; 9690-9700

doi: 10.1074/jbc.M114. 626713

Ando R, Noda K, Namba S, Saito W, Kanda
A, Ishida S. Aqueous humor levels of
placental growth factor in diabetic
retinopathy. Acta Ophthalmol. 2014,
92: 245-246

doi: 10.1111/ao0s. 12251

Kinoshita S, Noda K, Tagawa Y, Inafuku
S, Dong Y, Fukuhara J, Dong Z, Ando R,
Kanda A, Ishida S. Genistein
attenuates choroidal
neovascularization. J Nutr Biochem.
2014; 25: 1177-1182

doi: 10.1016/]j. jnutbio. 2014. 06. 004.

Kinoshita S, Kase S, Ando R, Dong 7Z,
Fukuhara J, Dong Y, Takashina S, Noda
K, Noda M, Kanda A, Ishida S.



1.

Expression of vascular endothelial
growth factor in human ocular adnexal
lymphoma. Invest Ophthalmol Vis Sci.
2014; b5: 3461-3467

doi: 10.1167/iovs. 13-13510

(FRFFK] (Gt 221F)

Ishida S. Choroidal circulation in
uveitis. Symposia & Courses:
Inflammation studies. Asia-Pacific
Academy of Ophthalmology Congress
(APAO) 2016: 2016/3/26.

Taipei (Taiwan)

Ishida S. Afilibercept
Galectin—-1, an angiogenic

traps
factor

associated with diabetic retinopathy.

39th Annual Macula Society Meeting
2016/2/24-27. Florida (USA)

Noda K. Alteration of N-glycan
profiles in diabetic retinopathy
48th Annual retina society scientific
meeting. 2015/10/7-11. Paris
(France)

Inafuku S, Noda K, Amano M, Murata M,
Saito W, Ohashi T, Kanda A, Nishimura
S, Ishida S. Alteration of N-glycan
profiles in diabetic retinopathy
ARVO (Association for Research in
Vision and Ophthalmology) Annual
Meeting. 2015/5/3-7. Denver (USA)

Inafuku S, Noda K, Amano M, Murata M,
Saito W, Ohashi T, Kanda A, Nishimura
S, Ishida S. Alteration of N-glycan
profiles in diabetic retinopathy
Asia—ARVO(Association for Research
in Vision and Ophthalmology)2015:
Yokohama, Japan; 2015/2/16-19 /X
7 ¢ i (AR, B

Kanda A, Noda K, Ishida S. ATP6AP2/
(pro)renin receptor contributes to
glucose metabolism via stabilizing
the E1 B subunit of pyruvate
dehydrogenase complex.
Asia—ARVO (Association for Research
in Vision and Ophthalmology)2015:
Yokohama, Japan; 2015/2/16-19 /X
7 ¢ i (AR, BEiE)

Ishida S . Role of VEG as a
pro—inflammatory cytokine in
diabetic macular edema. Symposium:
Inflammatory mechanisms in diabetic

10.

11.

12.

13.

14.

retinopathy and other retiral
degeneration. Asia—ARVO 2015:
Yokohama, Japan; 2015/2/18. /X7 4
i (PRI, BT

Ishida S . Receptor—associated
prorenin system in the pathogenesis
of diabetic retinopathy. Plenary
Session: Recent advances in retinal
basic research. Asia—ARVO 2015:
Yokohama, Japan; 2015/2/17. /X7 4
i (PRI, BT

Ishida S. Choroidal thickening with
impaired circulateon in acute
idiopathic maculopathy. 2015 Meeting
with Hokkaido University. 2015/1/31.
Taipei (Taiwan)

Ishida S. Receptor—associated
prorenin system (RAPS) as the
inflammatory pathogenesis of
diabetic retinopathy.  Symposium:
Inflammatory  mechanisms/oxidative
stress. 10th International Symposium
of Ophthalmology - Hong Kong
Symposium. 2014/9/26. Hong Kong
(China)

Ishida S. Choroidal thickening with

impaired circulation in acute
idiopathic maculopathy. Symposium:
Recent developments 1in posterior

segment imaging. 10th International
Symposium of Ophthalmology - Hong
Kong Symposium. 2014/9/26. Hong Kong
(China)

Ishida S. VEGF is pro—inflammatory in
diabetic retinopathy. Retina Expert
Conference 2014. 2014/5/4. Orlando
(USA)

Takashina S, Noda K, Amano M, Ohashi
T, Dong Y, Kinoshita S, Saito W, Kanda
A, Nishimura S, Ishida S. Profile of
N-glycans in human vitreous. ARVO
(Association for Research in Vision
and Ophthalmology) Annual Meeting.
2014/5/4-8. Florida (USA)

Ishida S. Principle and Clinical
Application of Laser Speckle
Flowgraphy  (LSFG-NAVI). Ocular

Circulation and Morphology with LSFG
and the latest OCT: Case Presentation.
World Ophthalmology Congress 2014
2014/4/3. HREE T +—F & GRS
TRHEX)



15. Takashina S, Noda K, Amano M,
Nishimura S, 1Ishida S. Profile
analysis of glycans in human vitreous .
World Ophtalmology Congress 2014
Tokyo. 2014/4/2-4 WREE 7 +— 7 A

RS T H X)

(&) G 1)

. Kanda A, Ishida S. Roles of the
retinal pigment epithelium in
neuroprotection. Neuroprotection
and Regeneration for Retinal Diseases.
2014; 227-238, Springer

1

6. HFFERERR
() WFgefzes
A M % (ISHIDA, Susumu)
bHEE KF - REFPEE SR - 2%
MeEFK S 10245558

(2) B gE oy a4

PEAS Hf—FBS (NISHIMURA, Shin-TIchiro)
eHEE K% - e mE AR« HR
MeEFK S 00183898

P i (NODA, Kousuke)
bHEE KT - REFPEE SR - HEH%
W% s:90296666



